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1. Introduction. - In a recent, systematic investigation [1, 2 ] of equilibrium charge-state distributions for 10-90 keV heavy-ion beams in charge exchange with Na and Mg vapours, we found that the negative fractions are generally so high (1 -90 %) that negative elemental ion beams of a majority of the elements can be produced in 03BCA intensities by charge exchange of positive ion beams from standard, universal isotope-separator sources. We found that this is the case even for a number of negative ions (Li-, Bé , B-, Na-, AI-, Câ and Fe-), which have proved difficult to obtain with other techniques due to low electron affinity, low sputtering yield or due to the negative state being metastable. One noteable exception is the Mg ion, which we have not yet observed with certainty. In the practical tests of charge-exchange technique reported in the last part of this paper, we have concentrated mainly on producing ions of the difficult species mentioned above, thereby extending previously published [3] results for Be" and B-.
2. Charge Exchange. - The negative equilibrium fractions F_1oo' reported in reference [2] , for various 10-90 keV projectiles after passage through a Na target are shown in figure 1 The results for Be-and Ça' ions, produced in Na are encouraging (Fig. 1) . Like the Mg ion, these are thought to be metastable [4] and therefore difficult to produce [5] . It In reference [1] , angular-scattering profiles of the charge-converted, fast ions were estimated on the basis of multiple-scattering experiments [7 ] and calculations [8, 9 ] . In the relevant exchange-target thickness range, the width of the scattering profiles was found to be only weakly dependent on projectile (or target) atomic number, increasing by a factor of 2 from Li to Au. This result is important since it means that the charge-exchange technique is nearly equally suited for light and heavy ion beams. The dependence on target thickness g is strong (oc J.l2.5) and the equilibrium target thickness (typically -2 x 1015 atoms/cm2) listed for different projectiles in references [1] and [2] is therefore an important parameter for the quality of the negative beam. The scattering distribution can be characterized by the half angle of a cone, symmetric about the direction of incidence, into which 50 "o of an initially well collimated beam is scattered. The estimated oc value associated with scattering on the Na or Mg targets at equilibrium is 3 mrad for most of the beams at 20 keV. Exceptions are the 0-and CIbeams which due to their large target thicknesses (-7 x 1015 atoms/cm2) have estimated a values of the order of 50 mrad, but it is worth noting that in reference [1] it was observed that the projectiles with high negative yields generally require large target thicknesses for equilibrium.
In the following we report on the practical application of the above investigations to the production of negative ion beams for tandem accelerators. [1] and [2] (Fig. 1) [14, 16] . That fact that the measured emittances are a factor of 3-4 lower than those for other sources [14, 15] [17] has developed a compact, positive source for highintensity metal-ion beams. As regards the choice of exchange target, Na vapour appears to be suitable for a wide range of ions. For heavy ions with low electron affinity, slightly higher negative yields may be found in the 20-keV region, using K or even heavier alkalis.
